Introduction
An estimated 782,500 new liver cancer cases and 745,500 cancer deaths occurred worldwide during the year 2012. Half of these cases and deaths were estimated to occur in the People's Republic of China. 1 Hepatocellular carcinoma (HCC), the most common primary liver cancer, is the fifth most frequent cancer and the third cause of cancerrelated mortality worldwide. 2 Most patients with HCC are diagnosed at the intermediate to advanced stages, so that only 30% of patients with HCC are eligible to receive surgery. When surgical options are precluded, transarterial chemoembolization (TACE) is one of the options that can be used to treat locally advanced tumors in the liver. In this procedure, an intraarterial injection of anticancer compounds (usually lipiodol, submit your manuscript | www.dovepress.com
Dovepress

2668
luo et al doxorubicin, and/or cisplatin) is administered immediately prior to embolization. 3 Assessment of response within the first 4 weeks after commencement of TACE treatment is vital for making therapeutic decisions and adjustments. 4 However, clinical outcomes vary significantly and are difficult to predict. There are few studies on the identification of biomarkers for the prediction of outcomes for patients with HCC and their prognosis after TACE treatment.
MicroRNAs (miRs) are a class of small, endogenous, phylogenetically conserved RNAs, which are responsible for the posttranscriptional regulation of mRNA translation and mRNA stability. 5, 6 During the regulation process, miRs can pair to complementary binding sites within the 3′-untranslated region of any of hundreds of target mRNAs, and as a result, they participate in nearly all biological processes. 7 Previous studies have reported important roles for miRs during HCC development and progression. Most previous studies on miR expression have been performed on tissue samples. However, recent findings have demonstrated that human serum and plasma contain a large number of stable miRs, and that the expression profile of these miRs holds great promise as a novel noninvasive biomarker, because tumor-derived miRs can be present and can exist stably in blood. 8, 9 Hou et al 10 found that the third most strongly expressed miR-199a/b-3p (miR-199a-3p/miR-199b-3p) was consistently decreased in HCC tissue, and its decrement significantly correlated with poor survival of patients with HCC. Moreover, miR-199a/b-3p could target the tumor-promoting protein kinase PAK4 to suppress HCC growth through inhibiting the PAK4/Raf/MEK/ERK pathway, both in vitro and in vivo. Moreover, microarray analysis showed that miR-199a/b-3p was downregulated in HCC tissue compared with normal controls' tissue, 11 and other studies have indicated that miR-199 can act as a tumor suppressor by regulating various pathways. [12] [13] [14] The mature sequence of miR-199a-3p is the same as that of miR-199b-3p. 15 In this study, we aimed to compare the expression levels of serum miR-199a/b-3p between patient with HCC and healthy controls, between patients before and after TACE treatment, and between patients with different stages of HCC. We attempted to find out whether serum miR-199a/b-3p expression levels could be used to predict the treatment response of patients with HCC receiving TACE treatment and, therefore, act as a biomarker for early and accurate identification of patients with a high risk of treatment failure. For such high-risk patients, modified therapy or adjuvant therapy could potentially be applied to improve their survival.
Methods
Patients with hcc
In total, 132 patients with unresectable HCC who underwent TACE for the first time at the Nanfang Hospital, Southern Medical University, between March 2014 and October 2014, were enrolled into the current study. Criteria for patient selection were according to the HCC guidelines formulated by the Ministry of Health of the People's Republic of China. 16 Inclusion and exclusion criteria are presented in Figure 1 . Serum levels of α-fetoprotein (AFP; $400 ng/mL) were elevated in 48%. Most patients had a Child-Pugh A classification (77%) and multiple liver tumor lesions (66%). According to the Barcelona Clinic Liver Cancer (BCLC) staging system, 36 patients (27%) had stage A, 60 (45%) had stage B, and 36 (27%) had stage C The study was approved by the Ethics Committee of Nanfang Hospital, and written informed consent was obtained from all study participants.
Tace treatment, follow-up, and assessment of treatment response
Selective angiography was performed to identify the major arterial supply to the HCC tumor. TACE was conducted using a mixture of adriamycin, lipiodol, and contrast agent. The dose of adriamycin and lipiodol was dependent on tumor size and vascularity, with 20-50 mg of adriamycin and 5-20 mL lipiodol used per session. Subsequently, embolization was performed using polyvinyl alcohol particles, and occlusion of target vessels and absence of additional tumor blood supply were confirmed.
All patients had follow-up evaluations 4 weeks after first TACE treatment, with routine monitoring by contrastenhanced computed tomography, liver function tests, and measurement of serum AFP levels. Computed tomography was performed at baseline and 4 weeks after the first TACE treatment for the evaluation of tumor response, and repeat TACE was performed 4 weeks after the first TACE treatment. The modified Response Evaluation Criteria in Solid Tumors (mRECIST) was used to monitor patient response to TACE treatment. 17 Tumor measurements were performed by two qualified radiologists. Complete response (CR) was defined as disappearance of any intratumoral arterial enhancement in all target lesions. Partial response (PR) was defined as at least a 30% decrease in the sum of the diameters of viable (enhancement in the arterial phase) target lesions, compared with the baseline sum of the diameters of these target lesions. The remaining patients were categorized as having stable disease (SD) or progressive disease (PD). Patients with CR and PR were defined as responders, and patients with SD or PD were defined as nonresponders.
serum collection and detection of mir-199a/b-3p by quantitative real-time polymerase chain reaction Serum samples were obtained from patients at four different time points: before TACE (t1), 3-5 days after TACE (t2), 4 weeks after first TACE (t3), and 3-5 days after second TACE (t4). Samples were centrifuged at 1,500× g for 10 minutes at 4°C within 2 hours after venous blood was collected, and serum supernatant was transferred to a new microcentrifuge tube and recentrifuged at 16,000× g for 10 minutes at 4°C. The serum supernatants were stored at −80°C until further processing.
Total RNA was extracted from 200 µL of serum using the miRNeasy Serum/Plasma Kit (Qiagen NV, Venlo, the Netherlands) following the manufacturer's protocol. The yield of RNA was determined using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Quantification was performed with a two-step reaction process consisting of reverse transcription (RT) and polymerase chain reaction (PCR). Complementary DNA (cDNA) was synthesized from total RNA using miScript ® RT Kit (Qiagen NV) and following the manufacturer's protocol. Reactions were performed in a T100 Thermal Cycler (Bio-Rad Laboratories Inc., Hercules, CA, USA) for 60 minutes at 37°C, followed by heat inactivation of RT for 5 minutes at 95°C. The 10 µL RT reaction mixture was then diluted ×10 in nuclease-free water and held at −20°C. Quantitative real-time PCR was performed using miScript ® SYBR PCR Kit (Qiagen NV) in a StrataGene Mx3005P (Agilent Technologies, Santa Clara, CA, USA) with 10 µL PCR reaction mixture consisting of 1 µL cDNA, 1 µL miR-specific primer, 1 µL universal primer (Qiagen NV), 2 µL nuclease-free water, and 5 µL QuantiTect SYBR Green PCR Master Mix. Reactions were incubated in a 96-well optical plate at 95°C for 15 minutes, followed by 40 cycles of 94°C for 15 seconds, 55°C for 30 seconds, and 70°C for 30 seconds. Each sample was run in triplicate for analysis. At the end of the PCR cycles, melting curve analysis was performed to validate the specific generation of the expected PCR product. miR-199a/b-3p primers were 5′-GTCACAGTAGTCTGCACAT-3′. The relative expression level (fold change) of miR-199a/b-3p was normalized to RNU6B (5′-ACGCAAATTCGTGAAGCGTT-3′) and calculated using the 2 −∆∆Ct method (Livak and Schmittgen, 2001). ∆Ct patients/controls = Ct miR-199a/b-3p − Ct U6 and ∆∆Ct = ∆Ct patients − ∆Ct controls . In addition, the relative change in serum miR-199a/b-3p from baseline (t1) to 3-5 days after first TACE treatment (t2) was defined as:
serum miR-199a/b-3p levels at t Serum miR-199a/b − 1) --3p levels at t1 (1) statistical analysis
All data for continuous variables were expressed as mean ± standard deviation and analyzed using Student's Results serum mir-199a/b-3p baseline expression level was decreased in patients with hcc
Baseline expression of serum miR-199a/b-3p in patients (including six patients who missed follow-up) with HCC before TACE (t1) was significantly lower than that of the healthy controls (0.68±0.81 vs 2.50±2.16, P,0.001; Figure 2 ).
The Tace nonresponder group had lower baseline serum mir-199a/b-3p than the responder group
Tumor response was evaluated according to the mRECIST at 4 weeks after TACE treatment. CR was observed in 15 patients, PR in 35, SD in 62, and PD in 14. Thus, 50 patients (CR + PR) were classified as the responder group and 76 (SD + PD) as the nonresponder group.
The nonresponder group had significantly lower miR199a/b-3p expression levels than the responder group at t1 (0.77±1.09 vs 1.96±1.32, P,0.001; Figure 3 ).
mir-199a/b-3pt1-t2 expression change correlated with tumor responsiveness
The relationship between tumor responsiveness and changes in levels of serum miR-199a/b-3p at t1, t2, and t3 was analyzed. The decrease in miR-199a/b-3p t1-t2 was greater in responder group than in the nonresponder group (P=0.011; Table 1 ). A higher proportion of the responder group achieved a .25% decrease in serum miR-199a/b-3p levels compared with the nonresponder group (64% vs 39%). Serum miR-199a/b-3p decreased at t2 and t3 (Figure 4 ). There was no significant difference in the decrease in miR-199a/b-3p t1-t3 between the responder and the nonresponder groups (P=0.132).
mir-199a/b-3p expression levels correlated with tumor size and Bclc stage
To understand whether there is a correlation between serum miR-199a/b-3p expression levels and clinicopathologic characteristics of patients with HCC, we divided the 132 patients into two groups: a lower expression group and a higher 
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serum microrna-199a/b-3p as a predictive biomarker expression group. We found that lower levels of serum miR-199a/b-3p correlated with larger tumor size (P,0.001; Table 2 ). Expression levels of serum miR-199a/b-3p were significantly different between patients with HCC (staged as BCLC grades A, B, or C) and healthy controls (A vs B vs C vs healthy controls: 0.70±0.64 vs 1.07±1.42 vs 1.31±1.14 vs 2.50±2.16, P,0.001; Figure 5 ), but they were not significantly different with the χ 2 test (Table 2) . Expression levels did not correlate with hepatitis B surface antigen status, presence of vascular invasion or cirrhosis, Child-Pugh classification, or level of AFP (Table 3 ).
Discussion
The current study showed that patients with HCC had significantly lower baseline serum miR-199a/b-3p levels compared with healthy controls. A significant correlation between baseline serum miR-199a/b-3p levels and tumor size was observed, and there was a tendency for serum miR-199a/b-3p expression levels to increase with the progression of BCLC stage (stage C . B . A). No other significant correlations between serum miR-199a/b-3p levels and patient characteristics, such as sex, age, vascular invasion, AFP, number of tumors, Child-Pugh classification, hepatitis B surface antigen, and liver cirrhosis or BCLC stage, were found. In accordance with our data, Hou et al reported that miR-199a/b-3p was consistently decreased in HCC tissue compared with healthy tissue from both patients and healthy controls. Yin et al 18 in their study reported that serum miR-199a-3p expression level was significantly downregulated in patients with HCC compared with healthy controls and appeared to be potentially useful biomarkers for HCC detection. Our study results support an important and a specific role of miR-199a/b-3p in HCC tumorigenesis and tumor progression. Moreover, the downregulation of miR-199a/b-3p has been observed in several other cancers.
In papillary renal cell carcinoma, miR-199a-3p overexpression significantly decreased cell proliferation through regulating the expression of genes linked to the focal adhesion and extracellular matrix pathways, such as caveolin 2, integrin beta 8, MET proto-oncogene, and mammalian target of rapamycin (mTOR). 19 Catecholamines were shown to induce mTOR activation through the inhibition of miR199a/b-3p in breast cancer. 20 In addition, miR-199a-3p was found to have an effect on mTOR through different signaling pathways in glioma, papillary thyroid carcinoma, and endometrial endometrioid adenocarcinoma, [21] [22] [23] while miR-199a-3p inhibited hepatocyte growth factor/c-Met signaling to suppress renal cancer carcinoma. 24 miR-199a/b-3p was shown to be overexpressed in head and neck adenoid cystic carcinoma compared with squamous cell carcinoma, indicating that lower miR-199a/b-3p expression levels indicated a more aggressive and malignant tumor phenotype.
25
Figure 4 relative mir-199a/b-3p expression levels at second Tace. Notes: relative serum mir-199a/b-3p expression levels were measured in the Tace responder group, the Tace nonresponder group, and the total patient group before TACE (t1), 4 days after TACE (t2), 4 weeks after first TACE (t3), and 4 days after second TACE (t4). The miR-199a/b-3p levels of patients in the responder group had a relatively sharp decrease at t2 and t3 compared with the nonresponder group. Abbreviations: mir-199a/b-3p, microrna-199a/b-3p; Tace, transarterial chemoembolization. 
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luo et al miR-199a-3p was expressed at low levels in ovarian cancer, and miR-199a-3p drastically inhibited ovarian cancer progression through the downregulation of c-Met expression. 26 Similarly, miR-199a-3p was expressed at lower levels in osteosarcoma and played an important role in the development of apoptosis, metastasis, recurrence, and drug resistance via different pathways, such as the cluster of differentiation 44 (CD44), p53, and Akt. 27-29 miR-199a-3p was downregulated in cancerous tissues compared with normal prostate tissues, with the expression pattern inversely correlated with that of Aurora kinase A. 30 A previous study suggested that NLK was an identified miR-199a-3p target gene and functioned as a tumor suppressor gene in colorectal cancer. 31 In addition, miR-199a-3p was downregulated in bladder and gastric cancer. 32, 33 The findings from the current study were consistent with these results, and our nonresponder group had significantly lower miR-199a/b-3p expression levels at t1 than the responder group, demonstrating that miR-199a/b-3p may be an important regulator in the process of HCC.
The potential of circulating miRs to be used as cancer biomarkers is based on their high stability and their capacity to reflect tumor status and predict therapy response. 34 Circulating miRs in blood are resistant to degradation by RNase enzymes and remain stable. 9 An increase in miR-199a/b-3p expression levels would be expected after TACE treatment, because healthy controls had a higher expression of miR-199a/b-3p in both tissue and serum compared with patients with HCC, 
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serum microrna-199a/b-3p as a predictive biomarker indicating miR-199a/b-3p as a tumor suppressor. However, interestingly, our results showed that there was actually a great decrease in miR-199a/b-3p t1-t2 in the responder group compared with the nonresponder group, and a higher proportion of the responder group achieved a .25% decrease in serum miR-199a/b-3p expression levels compared with the nonresponder group. One possible explanation may be that miR-199a/b-3p was downregulated under the hypoxia induced by TACE treatment. Kinose et al 26 screened miRs to identify those that displayed altered expression patterns under hypoxic conditions and then analyzed their functional roles in ovarian cancer progression. Their miR PCR arrays, performed on cells from two ovarian cancer cell lines (CaOV3 and RMUG-S), revealed that miR-199a-3p was downregulated under hypoxia. The upregulation of hypoxia-inducible factor-1α (HIF-1α) that occurs under hypoxic conditions suppresses miR-199a-5p expression levels and promotes glycolysis, whereas reintroduction of miR-199a-5p interferes with HK2 expression, abrogating hypoxia-enhanced glycolysis. 35 As tumors grow, it becomes increasingly difficult for the inner cancer cells to get sufficient oxygen supply from the blood, and hypoxia occurs in the majority of solid tumors, including HCC. Consequently, HIF-1α is upregulated in a number of human cancers. Moreover, killing the cells in the tumor lesions may decrease the stimulation to secrete miR-199a/b-3p. This would partly explain why serum miR-199a/b-3p was downregulated rather than upregulated in our patients after the first TACE treatment. Serum miR-199a/b-3p expression levels stabilized or increased after TACE treatment, indicating that the tumor lesions did not have a good response to TACE therapy. Therefore, this study shows, for the first time to our knowledge, a link between serum miR-199a/b-3p expression levels and efficacy of TACE in patients with HCC.
miR-199a/b-3p was downregulated in HCC compared with control tissue samples, and in addition, a significantly higher expression of miR-199a/b-3p was observed in cirrhotic tissue compared with noncirrhotic liver tissue, not only in HCC tissue but also in control tissue samples. In a previous study, HCC tissue was shown to have a sharp decrease in miR-199a/b-3p expression levels. 15 However, in our study, serum miR-199a/b-3p expression levels were not significantly different between cirrhotic and noncirrhotic tissue in either patients with HCC (Table 2 ; P=0.682) or healthy controls (P=0.572). Yeligar et al observed that liver sinusoidal endothelial cells derived from ethanol-fed rats showed several fold increases in the mRNA expression of endothelin-1 (ET-1), HIF-1α, and inflammatory cytochemokines compared with control rat liver sinusoidal endothelial cells. In addition, miR-199 attenuated HIF-1α and ET-1 expression, whereas anti-miR-199 reversed these effects, suggesting that ethanol-induced miR-199 downregulation may contribute to augmented HIF-1α and ET-1 expression. Moreover, the presence of the same complementary binding sites for miRs in 3′-untranslated regions of both HIF-1α and ET-1 mRNA showed that miR-199 was a common mediator of HIF-1α and ET-1 mRNA expression. 36 It therefore seems that miR-199a/b-3p plays an important role in the entire process from normal liver to liver cirrhosis, and finally to HCC. This possibility warrants further study.
In the current study, mRECIST response was identified as a predictor of overall survival in patients with HCC undergoing TACE treatment. It is generally accepted that the assessment of objective response is crucial in the evaluation of the effect of antitumor treatment. 37 Lencioni and Llovet 17 demonstrated that mRECIST assessment with the addition of the concept of viable enhancing lesions was clearly different from the traditional RECIST assessment. The only drawback in the newer scale is that response assessment by mRECIST is performed 4 weeks after TACE treatment.
Our results showed that the change in the expression of serum miR-199a/b-3p t1-t2 could be a potential biomarker to reliably predict TACE treatment response and thereby be an alternative method to guide therapeutic decision making ahead of time.
The current study has some limitations. Because of the retrospective nature of the study, the serum samples of some patients were in storage for long periods of time and might have been subject to degradation. Another limitation of this study is the limited number of patients and controls. Finally, we measured the relative level rather than the absolute concentration of miR-199a/b-3p.
Conclusion
Our present study provides new insight on serum miR-199-a/b-3p that may represent a novel biomarker for predicting efficacy of TACE for patients with HCC.
